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Available online 22 April 2016There is a need for investigations that document the daily course of pregnancy-related changes in PA and seden-
tary behavior. The purpose of this studywas to describe the trajectory of PA and sedentary behavior andwhether
they differ among weight status in pregnant women self-identiﬁed as inactive. Eighty inactive pregnant women
(8–16weeks) were recruited from a nationwide text-message intervention. PAwasmeasured using a Fitbit. Chi-
square analyses and t-tests were used to analyze univariate demographic and PA variables. Mixed model-
repeated measures ANOVA was used to analyze trajectory changes in daily PA and sedentary behavior. Light ac-
tivity (beta [SE] = 2.79 [0.30], p b .001), active time (b [SE] = 1.62 [0.16], p b .001), and steps (b [SE] = 112.21
[10.66], p b .001) increased during the second trimester followedby a precipitous decline during the third trimes-
ter. Sedentary behavior followed an opposite pattern (b=−9.88 [1.07], p b .001). Overweight and obesewomen
took signiﬁcantly fewer steps/day (b [SE]=−742.37 [362.57], p b .05 and−855.94 [381.25], p b .05, respective-
ly) than normalweightwomen, and obesewomen had less “active”minutes/day (~N3.0metabolic equivalents; b
[SE]=−12.99 [5.89], p b .05) than normalweightwomen (P′s b 0.05).Womenwho self-identify as inactive, be-
come more sedentary and less physically active as pregnancy progresses. This study was among the ﬁrst to de-
scribe the trajectory of daily PA and sedentary behavior throughout pregnancy. This study may help inform
health care provider and patient communication related to PA, sedentary behavior, and the time in which to
communicate about these behaviors.
© 2016 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Women1. Introduction
There is considerable evidence that physical activity participation
during pregnancy has beneﬁcial effects for both the mother and fetus
(Borodulin et al., 2008; Ferraro et al., 2012). For themother, physical ac-
tivity may help prevent gestational diabetes, pre-eclampsia, support
healthy weight, and improve mental health (Borodulin et al., 2008;
Ferraro et al., 2012). Regular physical activity may also help maintain
cardiovascular ﬁtness during pregnancy and may positively impact
postpartum recovery (Evenson, 2011). Fetal beneﬁts include reduced
stress response and healthier birth weight (Mudd et al., 2013).
Current recommendations for pregnant women are based upon evi-
dence and recommendations for healthy adults (Physical Activity
Guidelines Advisory Committee Report, 2008). According to the Physical
Activity Guidelines for Americans, healthy women should get at least
150 min per week of moderate-intensity aerobic activity, such as briskuman@asu.edu (M.P. Buman),
erotothree.org (J. Bushar),
en access article under the CC BY-NCwalking, during and after their pregnancy. TheAmericanCollege ofObste-
tricians and Gynecologists (ACOG) recommends that pregnant women,
with uncomplicated pregnancies, engage in regular physical activity
(both aerobic and strength-conditioning exercises) (Physical Activity
Guidelines Advisory Committee Report, 2008; American College of Obste-
tricians andGynecologists, 2015)while avoiding activities such as contact
sports and supine position activities after 20-week gestation.
Studies estimate that most pregnant women (N50%) do not partici-
pate in recommended physical activity despite the beneﬁts to both the
mother and fetus (Evenson et al., 2004; Harrison et al., 2011; Zhang
and Savitz, 1996). Borodulin and colleagues (2008) have suggested
the prevalence of pregnantwomenmeeting physical activity guidelines
varies across studies from 6% to 78% (Pereira et al., 2007; Petersen et al.,
2005). There is limited data available on the relationship between
weight status (i.e., normal, overweight, obese) and physical activity pat-
terns in pregnant women (Sui, 2013). However, the CDC suggests that
women and obese adults are less likely to meet physical activity guide-
lines (Centers for Disease Control and Prevention, 2015). One longitudi-
nal study reported 65% of their sample of overweight and obese
pregnant women met PA guidelines (i.e., 30 min of moderate to vigor-
ous physical activity (MVPA) per day) throughout their pregnancy-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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small sample size and power. Furthermore, retrospective and prospec-
tive studies suggest that both self-reported leisure and occupational-
related physical activities decrease throughout pregnancy (Downs
et al., 2009) with the largest changes occurring during the third trimes-
ter (Borodulin et al., 2008; Evenson et al., 2004; Evenson et al., 2002;
Mottola and Campbell, 2003; Poudevigne and O'Connor, 2006). Howev-
er, these studies have only collected physical activity data at speciﬁc
time points for a short duration (3–7 days) and haven't collected data
at the daily level across trimesters.
Physical activity estimates in pregnancy are also mostly based on
studies that use self-report measures of physical activity (Schmidt
et al., 2006). Self-report measures have known limitations and poor re-
liability and validity relative to objectivemeasures (i.e., accelerometers)
(Poudevigne and O'Connor, 2006). This is especially true for measuring
light and sedentary activities, which are more common activity intensi-
ty levels during pregnancy yet are not commonly observed (Borodulin
et al., 2008; Schmidt et al., 2006). A few studies have used both self-
reported andobjectivemeasures to quantify physical activity levels dur-
ing pregnancy (Ruifrok et al., 2014). Bell et al. measured physical activ-
ity using self-report and accelerometer measures in 59 pregnant
women at one time point (12-week gestation) (Bell et al., 2013). Self-
reportedMVPAwas signiﬁcantly higher (81–127min/day) than that re-
corded using accelerometers (35 min/day). Oostdam et al. also found
self-reported physical activity to be higher than accelerometer data in
overweight and obese pregnant women (Oostdam et al., 2013).
Studies using either self-report and/or objective measures are fur-
ther limited by their lack of continuous measurement of physical activ-
ity (i.e., daily across trimesters) (Bell et al., 2013). Studies using self-
reported physical activity relied on single recalls of overall activity dur-
ing various points throughout pregnancy (e.g., trimesters) and studies
with objective measures have not tracked physical activity patterns be-
yond single estimates in each trimester (Schmidt et al., 2006). Addition-
ally, the few studies that have assessed physical activity patterns in
overweight and obese pregnant women lack comparison with normal
weight pregnant women and differences between weight status are in-
conclusive (Sui, 2013; McParlin et al., 2010; Van Poppel et al., 2013).
Such methods do not offer the full picture of physical activity trajecto-
ries or patterns over the course of pregnancy or byweight status. Exam-
ining how physical activity trajectories may be unique during
pregnancy and weight status is important given known ﬂuctuations
over time in physical activity among non-pregnant adults (Centers for
Disease Control and Prevention, 2015; Adams et al., 2013; Bassett
et al., 2015), changes to priorities and demands on pregnant women's
time, and rapidly changing physiological, psychological, social condi-
tions as pregnancy develops.
There is also a scarcity of information about sedentary time in preg-
nant women (i.e., sitting/reclining with low energy expenditure)
(Ruifrok et al., 2014; Di Fabio et al., 2015; Franks et al., 2011;
Sedentary Behaviour Research Network, 2012). Sedentary time has
emerged as an important and independent risk factor for chronic dis-
ease and may have negative health implications during pregnancy
(Franks et al., 2011). These include gestational diabetes, hypertension
and preeclampsia in the mother and low/high birth weight in the
baby (Franks et al., 2011). A recent study reported pregnant women
spend approximately 70% of their wake time sedentary (Di Fabio et al.,
2015). However, like physical activity, the trajectory of change in seden-
tary time during pregnancy is undocumented.
Knowing how the progression of pregnancy affects physical activity
and sedentary time over trimesters could help with the design of inter-
ventions, yet longitudinal investigations that document the course of
pregnancy-related changes in physical activity and sedentary time
using objective measures at frequent intervals during pregnancy does
not exist (Poudevigne and O'Connor, 2006). This information could
help to determine the optimal time during pregnancy in which to inter-
vene and the appropriate intensity to improve physical and mentalhealth outcomes. Therefore, the purpose of this observational study
was to examine the trajectory of physical activity behavior and seden-
tary time in pregnant women self-identiﬁed as inactive, throughout
the pregnancy time course (i.e., daily across trimesters and up to
40 weeks). A secondary purpose was to test whether these trajectories
differed among weight status (i.e., normal, overweight, obese at entry
to study).
2. Methods
This study was approved by the Institutional Review Board at a Uni-
versity in the Southwestern United States. Participantswere women re-
cruited for a text message intervention (i.e., Text4baby (T4b)) aimed at
improving physical activity in pregnant women. The intervention is
published elsewhere (Huberty et al., in review; Huberty et al., 2015)
and found no intervention effects and no differences across groups
(Huberty et al., 2015). Brieﬂy, the study was a 4-arm randomized con-
trolled trial. Speciﬁcally, participants were randomly assigned to one
of four groups and stratiﬁed according to ethnicity to facilitate equal
representation of minorities in each of the four groups: (a) Standard
(three T4b SMS from the original content (original cT4b content includ-
ed only two PA SMS across entire pregnancy) per week (M,W,F) at
noon); (b) Plus One (three SMS; two T4b and one PA per week
(M,W,F) at noon); (c) Plus Six (seven SMS; one T4b and six PA per
week (Su-Sa) at noon); and (d) Plus Six Choice (seven SMS; one T4b
and six PA per week (Su-Sa) at the time of day they choose).
Physical activitywasmeasured fromentry into the study (8–16weeks
pregnant) until the end of the pregnancy (36–40 weeks). Pregnant
women were recruited through social media sites (e.g., Facebook, Twit-
ter), ﬂiers posted in health care provider ofﬁces, word of mouth, email
listservs and discussion boards (e.g., BabyCenter). Interested participants
were directed to an eligibility questionnaire on Qualtrics (Provo, Utah)
that took three to 5 min to complete.
Womenwere eligible to participate if they were: 1) at least 18 years
of age, 2) between 8 and 16 weeks pregnant, 3) owned a smartphone
with text message capability, 4) had regular access to a computer,
5) able to speak/read/understand English, 6) resided in the United
States, 7) willing to provide a cell phone number to receive text mes-
sages, 8) willing to wear a physical activity monitor throughout their
pregnancy, and 9) were not meeting recommendations for physical
activity (i.e., 30 min of moderate physical activity on at least ﬁve days/
week) before their pregnancy or currently (Physical Activity
Guidelines Advisory Committee Report, 2008). Women were ineligible
if they were: 1) considered a high risk pregnancy (deﬁned by The
ACOG's Position Statement on Exercise During the Pregnancy and Post-
partum Period(Artal and O'Toole, 2003)), and 2) physically limited to
exercise or instructed by a physician not to participate in exercise.
Recruitment took place between June and September 2014.
After eligibility was conﬁrmed, participants were asked to sign an
online consent form, complete a demographic questionnaire (e.g., age,
race, ethnicity, income, education, number of chronic conditions, days
of wear, and gestational age at enrollment), self-report physical activity
using the Modiﬁable Activity Questionnaire (Kriska, 1997), and sched-
ule a telephone intake appointment. Online consent and the demo-
graphic and physical activity questionnaire were completed using
Qualtrics (Provo, Utah).
After the intake appointment, each participant was mailed a Fitbit
Flex (San Francisco, CA) and instructions about how to wear and sync
the monitor. Participants were instructed to wear the Fitbit throughout
pregnancy (up to 40 weeks), 24 h a day (except during showers or
swimming) on their non-dominant wrist. When sleeping or taking a
nap, women were instructed to switch the Fitbit mode to “Sleep”.
Physical activity was measured using the Fitbit device. The Fitbit has
been shown to be valid measure of steps under laboratory conditions
(Patel et al., 2015; Takacs et al., 2014). The Fitbit provides estimates of
“sedentary”, “light”, “fairly active” and “very active” minutes as daily
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activities occurring at N3.0 metabolic equivalents (METs) and very ac-
tive minutes N6.0 METs (Help Article, in review). While no precise def-
inition of sedentary and light categories are provided by Fitbit, common
activities b3.0 METs include leisurely walking, household chores, and
other lifestyle activities (Ainsworth et al., 2011). Sedentary behavior
has been deﬁned as seated activities at b1.5 METs (Sedentary
Behaviour Research Network, 2012). Researchers registered partici-
pants Fitbits online while creating user accounts authorizing access to
the Fitbit data for study personnel. For purposes of analysis, “fairly ac-
tive” and “very active”were combined to form an “active time” category
that may be analogous to moderate-vigorous physical activity. Fitbit
data (i.e., steps, activity monitoring) were blinded to the participants.
The Fitbit online account access was only available to study personnel
(user account login information unknown to participants) and the Fitbit
device has no visible monitoring screen. Participants were instructed to
download Fitbit software and sync/charge every ﬁve days. Research as-
sistantsmonitored compliance of participants to syncing their Fitbit and
were sent an email reminder if they hadn't synced the Fitbit within the
last ﬁve days. Days with ‘0’ minutes of registered activity were consid-
ered non-valid and set to missing. Women were able to keep the Fitbit
as compensation for participating.
2.1. Data analysis
Chi-square analyses and t tests were used to analyze univariate de-
mographic and physical activity variables. We followed analytical
steps for the assessment of a cohort-sequential research design where
participants had varying entry and exit points in the study and contrib-
uted varying amount of physical activity data (Duncan et al., 2007).
Mixed model-repeated measures analysis of variance was used to
analyze trajectory changes in daily physical activity variables
(i.e., sedentary, light, active, and steps), independently (Singer and
Willett, 2003).Mixedmodel analyseswere chosen because of the inten-
sive repeated measures design and statistical power within this frame-
work. Mixed model analyses have been shown to be more robust to
missing data than standard general linear model approaches where
subjects are excluded listwise (Raudenbush and Xiao-Feng, 2001).
Model building steps included entering stepwise into the model:Fig. 1. Participant enroa) daywithin pregnancy, to assess trajectory of change in physical activ-
ity variables over the course of the pregnancy (linear and quadratic time
parameterizations were tested); b) Body Mass Index (BMI) status and
its interaction with daywithin pregnancy; to assess whether overall ac-
tivity and change trajectories varied by BMI status; and c) trimester and
its interaction with day within pregnancy, to assess whether activity
levels and change trajectories varied within each trimester. Full-
information maximum likelihood estimation was used as part of the
SPSS version 22.0 software to accommodatemissing data in themodels.
All models were adjusted for age, race, ethnicity, income, education,
number of chronic conditions, days of wear, and gestational age at en-
rollment. In additionwe controlled for group assignmentwith no differ-
ences across groups (Huberty et al., in review; Huberty et al., 2015). The
signiﬁcance level for all statistical analyses was set at p b 0.05.
3. Results
3.1. Participants
Fig. 1 describes participant ﬂow. Amongwomen completing eligibil-
ity screening, 84.0%were not eligible (see Fig. 1). Thiswasmainly due to
being too active before or during the ﬁrst 8–16 weeks of pregnancy. An
additional 5.8% were eligible but no longer interested after learning
more about the study. Eighty-ﬁve women (10.1% of total screened)
were enrolled in the study and 80 (94.1%) completed the study.
Table 1 describes participant demographics by weight status. Women
were split relatively similar across weight categories; primarily Cauca-
sian and non-Hispanic; well-educated with higher levels of income;
and few reported chronic conditions. Women enrolled in the study
and began wearing their activity monitor at the end of the ﬁrst trimes-
ter. Modal gestational age at enrollment was 13 weeks and 75% of the
sample was enrolled between 11 and 15 weeks of the pregnancy
(Table 1).
3.2. Descriptive physical activity and sedentary behavior results
Women on averagewore themonitor just over 100 days throughout
their pregnancy. Women spent the majority of the day sedentary with
fewer minutes in light, fairly active, and very active behaviors,llment ﬂow chart.
Table 1
Sample characteristics by weight status.
Variable Weight status Total
Normal Overweight Obese
N 31 25 24 80
Age, years (M ± SD) 30.67 ±4.83 32.11 ±5.05 30.89 ±5.41 31.19 ±5.05
Race, n (%)
Caucasian 28 −90.32 21 −84 20 −83.33 69 −86.25
African-American 1 −3.23 0 0 2 −8.33 3 −3.75
Asian 1 −3.23 1 −4 0 0 2 −2.5
American Indian 0 0 0 0 1 −4.17 1 −1.25
Other 1 −3.23 3 −12 1 −4.17 5 −6.25
Ethnicity, n (%)
Hispanic 2 −6.45 3 −12 2 −8.33 7 −8.75
Non-Hispanic 29 −93.55 22 −88 22 −91.67 73 −91.25
Education, n (%)
bHigh school 0 0 1 −4 2 −8.33 3 −3.75
High school diploma 0 0 1 −4 0 0 1 −1.25
Some college 11 −35.48 3 −12 7 −29.17 21 −26.25
Associates/2-year degree 0 0 2 −8 2 −8.33 4 −5
Bachelors degree 13 −41.94 7 −28 9 −37.5 29 −36.25
Graduate school or above 7 −22.58 11 −44 4 −16.67 22 −27.5
Household income, n (%)
≤$20 k/year 1 −3.23 0 0 2 −8.33 3 −3.75
$21 k–$40 k/year 3 −9.68 3 −12 7 −29.17 13 −16.25
$41 k–$60 k/year 5 −16.13 5 −20 5 −20.83 15 −18.75
≥$61 k/year 22 −70.97 17 −68 10 −41.67 51 −63.75
# of chronic conditions, n (%)
0 27 −87.1 23 −92 16 −66.67 66 −82.5
1 4 −12.9 2 −8 7 −29.17 13 −16.25
2 0 0 0 0 1 −4.17 1 −1.25
Gestational age at enrollment, weeks (M ± SD) 12.65 ±4.83 13.6 ±2.63 12.83 ±2.5 12.99 ±2.52
All physical activity at enrollment (reported), MET·h/wk (M ± SD) 5.05 ±6.1519 5.22 ±3.86 5.58 ±5.45 5.26 ±5.25
Walking at enrollment (reported), MET·h/wk (M ± SD) 2.74 ±5.78 3.93 ±3.63 3.11 ±3.80 3.22 ±4.60
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jority of physical activity data sampled was in the second trimester (n
observations=4645, n participants= 80, 61.2% of overall data) follow-
ed by the third (n observations = 2570, n participants = 58, 33.8% of
overall data) and ﬁrst (n observations = 380, n participants = 30,
5.0% of overall data) trimesters (Table 2).
3.3. Trajectories of change in physical activity and sedentary behavior
variables
Our primary aim was to examine trajectories of change in physical
activity variables over the course of pregnancy (see Table 3 and
Fig. 2). For sedentary time, the signiﬁcant positive linear and signiﬁcant
negative quadratic trends in Table 3 suggest increasing levels of seden-
tary time throughout pregnancywith accelerated increases at the end of
pregnancy (Fig. 2, Panel A). For light activity, the small but signiﬁcant
positive linear trend and a signiﬁcant positive quadratic trend suggest
initially there is a slight increase in the amounts of light intensity activ-
ity followed by accelerated decreases at the end of pregnancy (Fig. 2,
Panel B). For active time, a signiﬁcant negative linear trend and a signif-
icant positive quadratic trend suggest a decrease in active time through-
out pregnancy with an accelerated decrease toward the end of
pregnancy (up to 40 weeks) (Fig. 2, Panel C). Finally, for steps, thereTable 2
Means and standard deviations of physical activity variables.
Variable BMI status
Normal Overweight
Monitoring period, days 108.3 ±48.02 94.92
Sedentary, min/day 993.77 ±180.52 977.93
Light activity, min/day 115.43 ±43.86 106.45
Fairly active, min/day 54.01 ±23.40 47.38
Very active, min/day 5.77 ±5.25 4.47
Steps/day 4408.48 ±1750.02 3847.02 ±was no linear effect present, however, there was a signiﬁcant positive
quadratic trend. This pattern suggests relatively stable number of
stepswith an accelerated decrease in steps toward the endof pregnancy
(Fig. 2, Panel D).3.4. Trajectory differences by BMI status and trimester
We further explored whether the physical activity variables varied
by BMI status. After accounting for linear and quadratic trajectories
and adjusting for covariates, overweight and obese women took signif-
icantly fewer steps throughout pregnancy than normal weight women.
Obese women had less active time than normal weight women. No dif-
ferenceswere observed between overweight andobesewomen.No BMI
status by time in pregnancy interaction was observed, suggesting the
trajectory of change was constant by BMI status (data not shown). For
trimester differences in trajectories, there was not substantial data rep-
resented in the ﬁrst trimester to warrant comparisons; thus, these data
were collapsed with second trimester data. There were no signiﬁcant
differences in the physical activity variables by trimester. However,
there was signiﬁcant trimester by time in pregnancy interactions for
all four physical activity variables in the expected directions. This pat-
tern suggested accelerated increases in sedentary time and decreasesTotal
Obese
±56.02 97.08 ±52.67 100.73 ±51.71
±186.33 961.82 ±166.29 979.23 ±176.49
±45.84 117.32 ±42.64 113.18 ±43.81
±24.36 51.3 ±24.97 51.12 ±24.03
±4.42 3.96 ±3.29 4.82 ±4.49
1668.42 4092.25 ±1730.01 4138.15 ±1713.52
Table 3
Regression coefﬁcients (standard errors) for modeling change in physical activity variables by BMI status and trimester.
Sedentary Light Active Steps
Time (linear) 0.66 (0.18)⁎⁎ 0.09 (0.02)⁎⁎ −0.04 (0.02)⁎ −2.36 (1.27)
Time (quadratic) −9.88 (1.07)⁎⁎⁎ 2.79 (0.30)⁎⁎⁎ 1.62 (0.16)⁎⁎⁎ 112.21 (10.66)⁎⁎⁎
BMI status
Normal (ref) – – – –
Overweight 17.67 (58.97) −5.49 (9.90) −10.19 (5.61) −742.37 (362.57)⁎
Obese −25.58 (61.64) −1.70 (10.38) −12.99 (5.89)⁎ −855.94 (381.25)⁎
Trimester
First/second (ref) – – – –
Third 326.60 (323.46) −56.08 (63.78) −14.93 (41.67) −42.74 (26.11)
First/second × time (ref) – – – –
Third × time −20.13 (5.80)⁎⁎ 7.23 (1.16)⁎⁎⁎ 3.07 (0.75)⁎⁎⁎ 223.75 (51.23)⁎
Note. All models were adjusted for age, race, ethnicity, income, education, number of chronic conditions, days of wear, gestational age at enrollment, and intervention arm.
⁎ p b .05.
⁎⁎ p b .01.
⁎⁎⁎ p b .001.
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the ﬁrst and second trimesters.
4. Discussion
The purpose of this study was to examine and describe the trajecto-
ries of objectively-measured physical activity behavior and sedentary
time in pregnant women during pregnancy (i.e., daily across trimesters
- up to 40 weeks). A secondary purpose was to test whether these tra-
jectories differed by initial weight status. Our ﬁndings reveal that, as
pregnancy progresses, physical activity follows an inverse U-shaped
curve. In the ﬁrst and second trimesters, women are increasing their
physical activity, but by the third trimester they spend more time sed-
entary and less time being active. The time course of change indicates
more precipitous declines in physical activity (and increase in sedentary
time) in the latter half of the third trimester. This longitudinal informa-
tion conﬁrms snapshots observed in cross-sectional studies (Evenson
and Wen, 2011), and adds to the literature in the following ways.
First, our primary aim was to observe physical activity patterns
throughout pregnancy. Light activity (b3 METs) (Ainsworth et al.,
2011) increased slightly throughout pregnancy (until midway of third
trimester) with an accelerated decrease at the end of the pregnancy.
This result is consistent with cross-sectional studies using self-
reported physical activity measures that have documented indoor
household, caregiving, and recreational activities (i.e., light activity)
constitute the largest proportion of total activity reported by pregnant
women (Borodulin et al., 2008; Schmidt et al., 2006). We are unaware
of any studies that have followed women over time during pregnancy
in which to compare our ﬁndings. Little attention has been paid to
light activity as a portion of total activity in pregnant women (Di Fabio
et al., 2015). Research suggests that increasing light activities of daily
living (i.e., non-exercise activity thermogenesis)may have an important
role in the management of body weight in non-pregnant adults
(Ainsworth et al., 2011). These same behaviorsmay positively inﬂuence
health outcomes in pregnant women (Di Fabio et al., 2015).
Second, to our knowledge, this study was one of the ﬁrst to explore
the trajectory of sedentary time across trimesters. The few studies to
date examining sedentary time in pregnant women have been limited
to cross-sectional designs (Petersen et al., 2005; Di Fabio et al., 2015;
Evenson andWen, 2011; Haakstad et al., 2007). Our study suggests sed-
entary time increases even in those that maintain their physical activity
during pregnancy, similar towhatwas reported in only one of the afore-
mentioned cross-sectional studies (Di Fabio et al., 2015). Findings in a
study by Di Fabio and colleagues reported that pregnant women in
their sample (n=46) spend up to 70% of their day (time awake) in sed-
entary behaviors regardless of meeting physical activity guidelines(i.e., 2008 Department of Health and Human Services prenatal physical
activity guidelines) (Di Fabio et al., 2015). Ourﬁndings also suggest sed-
entary behavior has a marked acceleration during the last half of the
third trimester. Sedentary time has known harmful effects in pregnant
women including excessive weight gain, increased risk of pre-
eclampsia, gestational diabetes, and hypertension (Ruifrok et al., 2014;
Di Fabio et al., 2015; Haakstad et al., 2007; Chasan-Taber et al., 2007;
Cramp and Bray, 2009; Evenson et al., 2009; Haakstad et al., 2009;
Loprinzi et al., 2013).
Finally, in our study, obese women had less active time than normal
weight women and overweight and obese women took signiﬁcantly
fewer steps throughout pregnancy than normal weight women. Few
studies have explored activity during pregnancy based onweight status
at beginning of pregnancy (Chasan-Taber et al., 2007; Fell et al., 2009;
Hinton and Olson, 2001) and ﬁndings are inconclusive. One study sug-
gested that women with higher pre-pregnancy BMI were signiﬁcantly
more likely to discontinue sports and exercise during the ﬁrst
20 weeks of pregnancy (Fell et al., 2009) while in another study higher
pre-pregnancy BMI predicted increasing exercise behavior from pre-
pregnancy to pregnancy (Hinton and Olson, 2001). The ﬁndings from
our study speciﬁcally highlight the need for interventions among over-
weight and/or obese women, a speciﬁc population at increased risk for
many obstetric complications (i.e., gestational diabetes, preeclampsia,
macrosomia) (Gaudet et al., 2014). Despite the difference in levels of
physical activity between obese and normal weight women illustrated
in our study, the trajectories were similar suggesting interventions
and improved communication are needed for all pregnant women,
regardless of BMI (i.e., gestational weight status).
4.1. Implications
Ourﬁndings emphasize the fast rate of increased sedentary time and
decreased activity that occurs as pregnancy progresses. These ﬁndings
provide useful information to health care providers and health promo-
tion professionals and underscore the need for future interventions to
consider promoting reductions in sitting time and increases in habitual
lower-intensity types of activity in addition to increasingMVPA. For ex-
ample HCPs may encourage more household chores or yardwork and
other light activity that can be easily incorporated into daily life or at
work (e.g., walk while talking on the phone, take the stairs, stand at
your desk) in addition to recommendations for increasing time spent
inMVPA. Sedentary timehas emerged as an important and independent
risk factor for chronic disease and may have negative health implica-
tions during pregnancy (Franks et al., 2011). However, to date, there
has been little focus on decreasing sedentary time as opposed to achiev-
ing recommendations for physical activity (150 min per week of
Fig. 2. Changes in sedentary behavior (Panel A), light-intensity activity (Panel B), active time (Panel C), and steps (Panel D) per day over the course of pregnancy. Data are model-based
estimates adjusted for age, race, ethnicity, income, education, number of chronic conditions, days of wear, gestational age at enrollment, and intervention arm.
358 J.L. Huberty et al. / Preventive Medicine Reports 3 (2016) 353–360moderate intensity activity) (Physical Activity Guidelines Advisory
Committee Report, 2008). Our study and work by others (Di Fabio
et al., 2015) present important information that may help health care
providers communicate more effectively with their patients to get
them to not only be more active during pregnancy but to consider sit-
ting less (i.e., sedentary activity). There is a need for interventions and
healthcare messaging that speciﬁcally target reductions in sedentary
behaviors (i.e., sitting), especially during the end of pregnancy (Di
Fabio et al., 2015; Evenson and Wen, 2011; Loprinzi et al., 2013). This
may be an effectiveway to curtail some of the negative health outcomes
in both the mother and baby associated with sedentary behaviors
(i.e., gestational diabetes, large and small for gestational age infants).
In particular, health care providers may emphasize reductions in sittingtime and simple movement within the home as pregnancy progresses
into the third trimester to mitigate the rapid increase in sedentary be-
havior toward the end of pregnancy. Especially considering reducing
sedentary behavior (i.e., sitting time) may seem more attainable than
participating in physical activity toward the end of pregnancy when a
mother is likely to be most uncomfortable (Evenson et al., 2009;
Haakstad et al., 2009).
Interventions aimed at improving health behaviors (i.e., physical ac-
tivity) in pregnant women and information that health care providers
utilize to counsel patients should also focus on encouraging light activ-
ities in addition tomoderate levels of physical activity. Pregnantwomen
report barriers to activity that are similar to non-pregnant women
(e.g., time, motivation, social support) but additionally report physical
359J.L. Huberty et al. / Preventive Medicine Reports 3 (2016) 353–360barriers (Cramp and Bray, 2009) such as discomfort (e.g., pelvic and low
back pain, swollen feet) and fatigue (Gaston and Cramp, 2011). More-
over, many pregnant women report feeling “limited” often due to
mixed messages related to what types and amounts of exercise are
safe during pregnancy (Leiferman et al., 2012). Messaging that clearly
conveys that even light activity is beneﬁcial may encourage pregnant
women who would not normally participate in MVPA. This may espe-
cially be true for activities they associate with being easier and comfort-
able to do while pregnant (i.e., gardening, childcare). Encouragingly,
many pregnant women believe engaging in light activity is beneﬁcial.
In one study, 98% of women (n= 1306; 27–30weeks gestation) agreed
that there were beneﬁts to participation in light activity during preg-
nancy, with fewer agreeing that there were beneﬁts to moderate
(73%) and vigorous (13%) activity (Evenson andBradley, 2010). Howev-
er, it is important to note, that many of the extant studies on prenatal
physical activity report only moderate and vigorous physical activity
with few focusing on participation in light activities (Evenson et al.,
2002; Oostdam et al., 2013; Leiferman et al., 2012).4.2. Limitations and methodological considerations
Despite this study's contribution there are a few limitations. First,
while our sample was predominantly white and educated and may
not represent a diverse sample of women, it was geographically diverse
with women participating from across the U.S. adding to the external
validity of the ﬁndings. Additionally, our ﬁndings are consistent with
cross-sectional studies of diverse pregnant women (Lynch et al., 2012)
suggesting that similar trajectoriesmay be seen in women of racial/eth-
nicminority. The use of objectivemonitor and the continuous (i.e. daily)
nature ofmeasurementwere all strengths compared to previous studies
using self-reported measures, and thus the current study results were
not affected by recall bias. Although there are few validation studies
demonstrating the accuracy of Fitbit Flex for classifying activity by in-
tensity, the device has shown good validity for measuring steps
(Takacs et al., 2014). This places less conﬁdence in the precise estimates
of activity time by intensity. However, the patterns of ﬁndings were
consistent across intensity levels, clearly suggesting a pattern of decline
in physical activity and increase in sedentary time throughout pregnan-
cy. However, it is important to note these data could not have beenmea-
sured using an Actigraph or other research grade accelerometer at the
time of this study because data collected in this study was continuous
over a 40-week period (with varying contributions by participants). Re-
search grade accelerometers did not have the battery life for this study
duration or capability to transmit their data remotely to researchers.
There is also variation in the number of monitoring days because of
the differing times of gestation at enrollment (8–16 weeks). Finally, be-
cause continuous data was collected over the course of pregnancy, the
large day-to-day variability observed may not have represented impor-
tant variation. We examined weekly-level models with similar results
to the daily-level models we reported; however, it is still possible that
long-term, high resolution data that were collected may have picked
up on non-informative, natural variation in physical activity patterns.
Another limitation is that there are no established approaches for
determining non-wear time from sedentary timewith the Fitbit; there-
fore, it's possible that some sedentary or light activity time was
misclassiﬁed. However, we do not believe this had a large impact on
our results given our elimination of days where the device was not
worn at all and intensive repeated measures design which was not in-
ﬂuenced by periodic days of missing data or partial missingness. Be-
cause the modal gestational age at enrollment was 13 weeks, true
observation of change between the ﬁrst trimester to second or third
are not possible and therefore results should be interpreted with cau-
tion. The small sample size of those classiﬁed as “very active” limits
the interpretation of results for this group. Finally, the participants in
this study were part of a broader intervention study. However, therewere no intervention effects or differences between groups (Huberty
et al., in review; Huberty et al., 2015).
5. Conclusions
As pregnancy progresses, women spend more time being sedentary
than physically active. A more pronounced decline in physical activity
(and increase in sedentary time) was observed in the latter half of the
third trimester. This studywas among the ﬁrst to describe the trajectory
of daily physical activity and sedentary behaviors during most of the
course of pregnancy and provides important information about the tra-
jectory of physical activity behavior and sedentary time during preg-
nancy. The data from this study may inform how health care providers
communicate with their patients related to participation in healthy life-
style behaviors (i.e., sit less, move more) for optimal maternal and fetal
health outcomes. This data may also help inform the time of the preg-
nancy inwhich interventions to improve physical activity and/or reduc-
ing sedentary behaviors in pregnant women is most necessary.
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